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Non-technical summary
The equity premium puzzle introduced by Mehra and Prescott (1985) is still far from having received a fully-fledged and convincing explanation in the literature.
Despite the sheer research effort, the profession has still to reach a consensus on the explanation of the large equity premium observed historically in the United
States and in other industrialized countries.
This paper takes a close look at the ''behavioural finance'' explanations of the equity premium puzzle proposed thus far in the literature, namely myopic loss aversion (Benartzi and Thaler, 1995) and disappointment aversion (Ang, Bekaert and Liu, 2000) . Both theories posit that agents' preferences, unlike in the expected utility approach, are defined not in absolute terms but against a reference point.
Moreover, the maintained assumption under both approaches is that agents narrowframe the problem of how to allocate wealth between safe and risky assets and consider this problem in an independent manner, focusing on the prospects for returns without considering other sources of variability in consumption.
In particular:
• Myopic loss aversion posits that economic agents are averse to losses at an irrationally short horizon, due to institutional reasons or because they are affected by a behavioural bias (in particular, because they are too anxious to evaluate the performance of their portfolio on a short-term basis). Benartzi and
Thaler showed that the observed equity premium is consistent with a moderate degree of loss aversion at an investment horizon of approximately one year.
Under loss aversion, agents have a fixed reference point against which they evaluate gains and losses.
• Disappointment aversion shares some features with loss aversion but is based on the idea that reference points are determined endogenously. In particular, the certainty equivalence of a lottery may become a reference point for agents, and outcomes in excess (short of) the certainty equivalence are a source of elation (disappointment) for the agent. Reflecting the idea that pain is more urgent than pleasure, the disappointment related to outcomes below expectations is assumed (and normally found) to be stronger than the elation related to outcomes exceeding expectations.
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6 This paper focuses especially on the role of the time horizon in determining the size of the equity premium. This seems a crucial dimension of the problem because it is quite easy to explain a high equity premium with a short time horizon, at which stocks are very volatile, while it may be more difficult at longer time horizons. The empirical analysis in the paper, based on data for excess returns on stocks in the United States from 1871 onwards, shows that an explanation based on loss aversion is crucially dependent on a very short time horizon, and already a horizon of three years or so seems too long for loss aversion to be a satisfactory explanation of the historical equity premium. By contrast, disappointment aversion appears to be a satisfactory explanation of the historical equity premium even at horizons as long as ten years. This reflects the empirical finding that, while it is almost impossible to lose on stocks compared with safe assets if the time horizon is relatively long, stocks may disappoint very strongly even in the long run.
Overall, the results in this paper suggest that the invariance to the time horizon of disappointment aversion makes it an interesting explanation of the equity premium, possibly more robust than loss aversion because it can accommodate different time horizons. Moreover, we offer some speculations which point to the idea that disappointment aversion can be considered as a quite realistic representation of preferences especially in the context of delegated portfolio management with a principal-agent relationship affecting the nature of the portfolio selection problem. Iluvw/ wkh sureohp lv hglwhg lq d fhuwdlq +qduurz, iudph1 Vhfrqg/ wkh djhqw wdnhv klv ghflvlrq e| pd{lplvlqj klv survshfwlyh ydoh iqfwlrq ghqhg iru wkh sureohp1 EW khog wkh ylhz wkdw orvv dyhuvlrq/ frpelqhg zlwk d p|rslf eh0 kdylru ri djhqwv/ pljkw h{sodlq wkh htlw| suhplp s}}oh1 Dw wlph |/ djhqwv duh frqfhuqhg derw uhwuqv +dqg qrw zhdowk ohyhov, dw wlph | n / zkhuh lv wkh lqyhvwphqw krul}rq1 5 Wkh ydoh iqfwlrq vhg e| EW lv wkh iroorzlqj=
zkhuh % lv hlwkhu wkh qrplqdo ru wkh uhdo uhwuq rq htlw| ru erqgv/ wkh uhihuhqfh srlqw iru wkh djhqw ehlqj wkh fuuhqw ohyho ri zhdowk/ dqg @ ' 22D/ K ' fHH +zklfk duh hvwlpdwhv gudzq iurp Wyhuvn| dqg Ndk0 qhpdq/ 4<<5,1 Dv 22D : / wkh uhsuhvhqwdwlyh djhqw lv orvv dyhuvh1 6 EW errwvwuds iurp wkh klvwrulfdo wlph vhulhv ri htlw| dqg yh0|hdu erqg uhwuqv ryhu wkh vdpsoh shulrg 4<5904<<3/ dqg frpswh wkh krul0 }rq iru zklfk wkh uhsuhvhqwdwlyh lqyhvwru zlwk ydoh iqfwlrq dv lq +4, lv lqglhuhqw ehwzhhq lqyhvwlqj lq htlw| dqg lq erqgv1 Wkh| qg wkdw li lv dssur{lpdwho| rqh |hdu/ lqyhvwlqj lq erqgv dqg htlw| surylghv wkh vdph survshfwlyh ydoh1 Wkv/ li wkh djhqw*v lqyhvwphqw krul}rq lv dssur{lpdwho| rqh |hdu/ orvv dyhuvlrq fdq h{sodlq wkh htlw| suhplp s}}oh1 EW dovr uhsruw wkdw frqvlghulqj d qrq0olqhdu zhljklqj ri sure0 delolwlhv dqg d slhfhzlvh olqhdu iqfwlrq +l1h1/ K ' lq +4,, grhv qrw fkdqjh wkh vevwdqfh ri wkh uhvowv1 Khqfh/ EW lqwhusuhw wklv qglqj dv vjjhvwlqj wkdw djhqwv pd| irujr vshulru uhwuqv rq htlw| gh wr wkhlu p|rsld/ l1h1 wkh luudwlrqdoo| vkruw wlph krul}rq dw zklfk wkh| hydodwh jdlqv dqg orvvhv1 Vr/ djhqwv duh zloolqj wr sd| d kljk sulfh iru wkhlu h{fhvvlyh yljlodqfh1
Lq wklv sdshu/ zh frqvlghu wkh vlpsoh olqhdu fdvh K ' / zklfk lv eurdgo| frqvlvwhqw zlwk wkh dydlodeoh hpslulfdo hylghqfh +Wyhuvn| dqg Ndkqhpdq/ 4<<5, dqg juhdwo| vlpsolhv wkh qrwdwlrq1 Vr/ zh vkdoo frq0 vlghu wkh iroorzlqj slhfhzlvh olqhdu orvv dyhuvlrq ydoh iqfwlrq=
zkhuh % |n lv wkh yduldeoh ri lqwhuhvw iru wkh djhqw/ dqg u vwd|v iru orvv dyhuvlrq1
Wkh Dqj0Ehndhuw0Ol +5333, dssurdfk
Glvdssrlqwphqw dyhuvlrq/ lqwurgfhg e| Jo +4<<4,/ lv edvhg rq wkh lghd wkdw djhqwv duh glvdssrlqwhg li wkh rwfrph ri d orwwhu| idoov vkruw ri wkh fhuwdlqw| htlydohqfh/ zkloh wkh| duh hodwhg li wkh rwfrph h{fhhgv wkh fhuwdlqw| htlydohqfh1 Lq erwk glvdssrlqwphqw dyhuvlrq dqg orvv dyhuvlrq/ d uhihuhqfh srlqw sod|v d nh| uroh/ ew wkhuh lv dq lpsruwdqw glhuhqfh ehwzhhq wkh wzr wkhrulhv1 Xqghu glvdssrlqwphqw dyhuvlrq/ wkh uhihuhqfh srlqw lv hqgrjhqrv wr wkh orwwhu|/ l1h1 lw pd| fkdqjh iru glhuhqw orwwhulhv1 E| frqwudvw/ qghu orvv dyhuvlrq wkh uhihuhqfh srlqw lv jhqhudoo| jlyhq/ vr h{rjhqrv wr wkh orwwhu|1 DEO h{dplqh wkh uroh ri glvdssrlqwphqw dyhuvlrq lq wkh ghwhuplqd0 wlrq ri wkh htlw| suhplp/ e| lqwurgflqj dq rwkhuzlvh vwdqgdug srzhu wlolw| iqfwlrq LE/ zkhuh lv zhdowk/ lq zklfk rwfrphv duh zhljkwhg glhuhqwo| dffruglqj wr zkhwkhu wkh| h{fhhg ru idoo vkruw ri wkh fhuwdlqw| htlydohqfh1 Wkh| vkrz wkdw d uhdvrqdeoh ydoh iru wkh ghjuhh ri glv0 dssrlqwphqw dyhuvlrq lv frqvlvwhqw zlwk wkh klvwrulfdo htlw| suhplp li wkh lqyhvwphqw krul}rq ri wkh djhqw lv rqh tduwhu ru rqh |hdu1
Wr loovwudwh DEO*v h{sodqdwlrq lq d vlpsoh zd|/ d frqyhqlhqw uhs0 uhvhqwdwlrq ri glvdssrlqwphqw dyhuvlrq lv wkh ulvn0ydoh jhqhudol}hg glv0 dssrlqwphqw dyhuvlrq wlolw| iqfwlrq sursrvhg e| Mld/ G|hu dqg Ewohu +5334, zulwwhq lq whupv ri uhwuqv=
zkhuh ( vwd|v iru glvdssrlqwphqw dyhuvlrq/ dqg _ : e : fc uh0 hfwlqj wkh lghd wkdw glvdssrlqwphqw lv pruh lpsruwdqw wkdq hodwlrq +wklv lv forvho| uhodwhg wr wkh frqfhsw wkdw orvvhv orrp odujhu wkdq jdlqv dqg wkdw djhqwv duh orvv dyhuvh,1 Vr/ vwrfnv pd| glvdssrlqw h{dfwo| ehfdvh wkhlu udwh ri uhwuq kdv d kljk h{shfwhg ydoh +l1h1/ . | % |n lv kljk,1 Li _ lv odujh dqg vwrfn uhwuqv duh yhu| yrodwloh/ wkh htlw| suh0 plp uhtluhg wr frpshqvdwh iru d kljk suredelolw| ri glvdssrlqwphqw zloo kdyh wr eh kljk1 Hyhq li zh kdyh wkh vdph thvwlrq lq plqg/ ru dssurdfk lv glhuhqw iurp wkdw ri EW dqg DEO lq wzr pdlq uhvshfwv1 Iluvw/ dv qrwhg/ ru ydoh iqfwlrq lv ghqhg rq wkh h{fhvv uhwuq rq wkh ulvn| dvvhw/ udwkhu wkdq rq lwv devrowh uhwuq1 Zh eholhyh wkdw wklv phdvuh pdnhv pruh vhqvh zkhq dqdo|vlqj wkh doorfdwlrq ri zhdowk ehwzhhq d vdih dqg d ulvn| dvvhw/ dv wkh djhqw lv olnho| wr eh frqfhuqhg deryh doo e| wkh uhodwlyh shuirupdqfh ri wkh wzr +Frfkudqh/ 4<<:,1 8 Vhfrqg/ EW*v dlp zdv wr qg rw wkh wlph krul}rq dw zklfk wkh uhsuhvhqwdwlyh lqyhvwru zlwk ydoh iqfwlrq dv lq +4,/ dqg jlyhq @ u / lv lqglhuhqw ehwzhhq lqyhvwlqj lq htlw| dqg erqgv1 Ru dssurdfk lv glhuhqw dqg voljkwo| pruh jhqhudo1 Zh vhhn wr orrn dw wkh frpelqdwlrqv i@ u c j iru zklfk wkh ghjuhh ri orvv dyhuvlrq ghulyhg iurp wkh gdwd lv d uhdolvwlf qpehu +l1h1/ d vpdoo qpehu srvvleo| qrw wrr idu iurp 5,1 EW irqg wkdw iru @ u wr eh dssur{lpdwho| htdo wr 5/ pvw eh dssur{lpdwho| rqh |hdu> wkh| frog qrw vd| dq|wklqj derw zkdw kdsshqv wr @ u li lv dvvphg wr eh orqjhu/ vd| whq |hduv ru vr1 Wklv vhqvlwlylw| dqdo|vlv lv wkh pdlq remhfwlyh ri wklv vwg|1
Wuqlqj wr glvdssrlqwphqw dyhuvlrq/ wkh dqdo|vlv lq DEO grhv qrw uhdoo| ghdo zlwk wkh sureohp ri wkh wlph krul}rq1 DEO rqo| qg wkdw dw d rqh0tduwhu ru rqh0|hdu krul}rq glvdssrlqwphqw dyhuvlrq vhhpv wr eh d jrrg h{sodqdwlrq ri wkh klvwrulfdo htlw| suhplp1 Wklv grhv qrw vhhp vusulvlqj jlyhq wkh forvh vlplodulw| ehwzhhq glvdssrlqwphqw dyhuvlrq dqg orvv dyhuvlrq dqg EW*v uhvowv rq p|rslf orvv dyhuvlrq dqg wkh htlw| suhplp1 Lq wklv sdshu/ zh vhhn wr orrn dw wkh sdudphwhuv ri d vlpsoh glvdssrlqwphqw dyhuvlrq prgho li wkh lqyhvwphqw krul}rq lv surjuhvvlyho| lqfuhdvhg eh|rqg rqh |hdu1
Wr slq grzq ru vlpsoh prgho ri suhihuhqfhv qghu orvv dyhuvlrq +khqfhiruwk OD, dqg glvdssrlqwphqw dyhuvlrq +khqfhiruwk GD,/ zh vkdoo frqvlghu wkh iroorzlqj phdvuh ri ghsduwuh ri wkh rwfrph iurp wkh uhihuhqfh srlqw uhohydqw iru hdfk vshflfdwlrq ri suhihuhqfhv1 Zh fdoo wklv h{ srvw phdvuh 4 / zkhuh ' u c ( 1 Li hydodwhg h{ dqwh lq h{shfwdwlrq dqg lq devrowh ydoh/ wklv phdvuh fdq eh lqwhusuhwhg dv d phdvuh ri ulvn1 Wkh yduldeoh 4 fdq eh ghqhg lq d frpsdfw zd| iru erwk OD dqg GD dv iroorzv=
: Xqghu orvv dyhuvlrq/ wkh h{ srvw ydoh iqfwlrq lv vlpso| jlyhq e| T u c|n ' 4 u c|n c zkloh qghu jhqhudol}hg glvdssrlqwphqw dyhuvlrq dv lq Mld/ G|hu dqg Ewohu +5334, zklfk lv d ulvn0ydoh wlolw| iqfwlrq lw lv jlyhq e|=
H{ dqwh/ wkh h{shfwhg ydoh iqfwlrq qghu orvv dyhuvlrq lv=
zkloh iru glvdssrlqwphqw dyhuvlrq lw lv rewdlqhg=
Lw vkrog eh qrwhg wkdw qghu wklv vshflfdwlrq wkh frh!flhqw e fdq eh lqwhusuhwhg dv d phdvuh ri wkh ryhudoo ulvn dyhuvlrq +phdvu0 lqj wkh lpsruwdqfh ri wkh h{shfwhg ydoh ylv0d0ylv ghyldwlrqv iurp lw,/ zkloh @ ( phdvuhv wkh uhodwlyh lpsruwdqfh ri glvdssrlqwphqw +qhjd0 wlyh ihholqj, frpsduhg zlwk hodwlrq +srvlwlyh ihholqj, lq wklv suhihuhqfh vshflfdwlrq1 Uh hfwlqj suhylrv uhvowv lq wkh olwhudwuh/ rqh vkrog h{shfw e wr eh tlwh d vpdoo qpehu/ shukdsv qrw wrr glhuhqw iurp 4/ dqg @ ( +e| dqdorj| zlwk orvv dyhuvlrq, qrw wrr glvwdqw iurp 51 Lq wkh frqwlqdwlrq/ zh vkdoo dvvph iru vlpsolflw| +dqg tlwh uhdolv0 wlfdoo|, e ' dqg frqfhqwudwh wkh hvwlpdwlrq hruw rq @ ( 1 Jlyhq wkdw
( / wkh glvdssrlqwphqw dyhuvlrq vshflfdwlrq lq +:, fdq eh uhzulwwhq lq d vlpsolhg irupdw dv=
Xqghu erwk vshflfdwlrqv ri suhihuhqfhv/ dv dujhg deryh/ zh frqvlghu wkh h{fhvv uhwuq rq htlw| ehwzhhq | dqg | n wr eh wkh yduldeoh ri lqwhuhvw/ % |n 1 Lq wkh qh{w vhfwlrq/ zh ghulyh dq htloleulp frqglwlrq ehwzhhq lqyhvwlqj lq wkh vdih dqg wkh ulvn| dvvhw iru ru hlwkhu orvv ru glvdssrlqwphqw dyhuvh djhqw/ zklfk zloo vhuyh dv d edvlv iru wkh hpslulfdo hvwlpdwlrq fduulhg rw wkhuhdiwhu1 615 D prgho ri h{shfwhg uhwuqv qghu orvv dyhu0 vlrq dqg glvdssrlqwphqw dyhuvlrq
Zh dvvph wkdw lq hyhu| shulrg | wkh lqyhvwru hydodwhv wkh lqyhvwphqw survshfwv edvhg rq wkh h{shfwhg ydoh iqfwlrqv dv lq +9, iru orvv dyhu0 vlrq dqg +:, iru glvdssrlqwphqw dyhuvlrq1 Dv idu dv wkh phfkdqlvp iru h{shfwdwlrq irupdwlrq lv frqfhuqhg/ zh doorz h{shfwdwlrqv wr eh iruphg qghu d qrq0olqhdu zhljklqj ri suredelolwlhv/ zklfk lv lq olqh zlwk prvw h{shulphqwdo hylghqfh rq ghflvlrq0pdnlqj qghu ulvn +Ndkqhpdq dqg Wyhuvn|/ 5333,1 Wkh h{shfwhg +ru survshfwlyh, ydoh iqfwlrq iru lqyhvwlqj lq wkh +ulvn|, htlw| sruwirolr lv wkh iroorzlqj=
zkhuh E lv d iqfwlrq vhg wr zhljk wkh suredelolwlhv R +Wyhu0 vn| dqg Ndkqhpdq/ 4<<5,/ .
| T c|n lv wkh vemhfwlyh h{shfwhg ydoh ri T c|n dw wlph | +zkhuh vemhfwlyh vljqdov wkdw lw lv frpswhg zlwk wkh suredelolwlhv zhljkwhg zlwk wkh iqfwlrq ,/ dqg ' u c ( 1 Kdylqj qrupdol}hg wkh h{shfwhg ydoh iqfwlrq iru lqyhvwlqj lq wkh vdih dvvhw dw }hur/ ohwwlqj k eh wkh vkduh ri zhdowk lqyhvwhg lq wkh ulvn| dvvhw/ wkh h{shfwhg ydoh iqfwlrq iru wkh sruwirolr zloo eh htdo wr k.T +zkhuh .T lv ghqhg dv lq +<,,1 Lq htloleulp/ iru dq| k 9 ' f wklv lpsolhv wkdw .T ' f +rwkhuzlvh/ li .T : f lw zrog eh frqyhqlhqw iru ru lqyhvwru wr eh lqqlwho| vkruw lq wkh vdih dvvhw dqg orqj lq wkh ulvn| dvvhw/ dqg wkh rssrvlwh zrog eh wuh li .T f,1 9 Vr=
Uhfdoolqj wkh uhvowv ri wkh suhylrv vhfwlrq/ lq wkh fdvh ri orvv dyhu0 vlrq wklv lpsolhv wkdw=
Iru glvdssrlqwphqw dyhuvlrq/ dvvplqj wkdw dovr iru wkh vemhfwlyh h{shfwdwlrq .
Iuwkhu/ zh dvvph wkdw djhqwv kdyh udwlrqdo h{shfwdwlrqv dqg gr qrw pdnh v|vwhpdwlf plvwdnhv lq wkhlu vemhfwlyh h{shfwdwlrqv1 Khqfh=
zlwk 0 |n E zlwk doo urrwv rwvlgh wkh qlw flufoh/ l1h1 d vwdwlrqdu| surfhvv1 Ohw v frqvlghu d vdpsoh shulrg | ' c c Ac zlwk A odujh +lq sduwlfodu/ A :: ,1 Dv|pswrwlfdoo|/ zh kdyh=
rzlqj wr ru dvvpswlrq rq wkh vwrfkdvwlf surshuwlhv ri 0 |n Eh0 fdvh 0 |n lv d vwdwlrqdu| surfhvv/ wkh qfrqglwlrqdo phdq ri T c|n lv dq qeldvhg hvwlpdwh ri .
| T c|n 1 Wkhuhiruh/ wkh htloleulp frqglwlrq +43, uhtluhv wkdw wkh ydoh iqfwlrq lv h{ srvw dssur{lpdwho| }hur rq dyhudjh=
Wklv htdwlrq lv wkh edvlv iru ru hpslulfdo dqdo|vlv1 Iru orvv dyhuvlrq/ wklv lpsolhv= A
Iurp htdwlrqv +4:, dqg +4<,/ iru jlyhq ydohv ri wkh wlph krul}rq / @ u dqg @ ( fdq eh hvwlpdwhg iurp wkh gdwd1 Wkh nh| remhfwlyh ri ru dqdo|vlv lv wr vhh zklfk frpelqdwlrqv i@ c j gholyhu sodvleoh ydohv iru erwk yduldeohv qghu orvv dqg glvdssrlqwphqw dyhuvlrq1 7 Wkh hpslulfdo dqdo|vlv 714 Wkh gdwd Lq wkh hpslulfdo dqdo|vlv ri wklv sdshu zh vh dqqdo revhuydwlrqv iru wkh uhwuqv rq wkh XV vwrfn pdunhw dv sur{lhg e| wkh Vwdqgdug dqg Srru frpsrvlwh lqgh{ iurp 4;:4 wr 5334/ zklfk jlyhv v 463 dqqdo revhuydwlrqv1 Wkh gdwd duh gudzq iurp Joredo Ilqdqfldo Gdwd1 Vwrfn uhwuqv lqfogh erwk glylghqgv dqg fdslwdo jdlqv1 Iru wkh uhwuq rq wkh vdih dvvhw/ zh frqvlghu wkh uhwuq rq wkh rqh0|hdu Wuhdvu| eloo/ dovr dydlodeoh iurp 4;:4 rqzdugv lq wkh gdwdedvh1
Lw vkrog eh qrwhg wkdw ru vdpsoh shulrg lv glhuhqw iurp wkdw ri EW +4<5904<<3,1 Lq sduwlfodu/ wkh odvw sduw ri wkh vdpsoh shulrg/ diwhu 4<<3/ vhhpv sduwlfoduo| lqwhuhvwlqj jlyhq wkh odujh vzlqjv lq htlw| sulfhv dqg wkh errp0evw ri wkh grw1frp eeeoh +Vkloohu/ 5333,1 Lq wklv uhvshfw/ dq lqwhuhvwlqj thvwlrq rq lwv rzq lv zkhwkhu wkh uhvowv ri EW fduu| wkurjk wr ru vdpsoh shulrg1 Dv zh vkrz odwhu/ zh eurdgo| qg wklv wr eh wkh fdvh1
Zh pdnh wkh dvvpswlrq wkdw ru uhsuhvhqwdwlyh lqyhvwru kdv rqh XV groodu dw wkh hqg ri 4;:4/ dqg pd| lqyhvw lw hlwkhu lq wkh X1V1 vwrfn pdunhw +l1h1/ lq wkh Vwdqgdug dqg Srru frpsrvlwh lqgh{, ru lq rqh0|hdu Wuhdvu| eloov1 Wkhq/ zh frpswh wkh ydoh rwvwdqglqj lq hdfk |hdu | lq grooduv iru wkh lqyhvwphqw lq htlw| +zklfk zh fdoo -U7gt , dqg iru wkh 40|hdu Wuhdvu| eloo +zklfk zh fdoo 7 8 .,1 Fkduw 4 uhsruwv wkh ydoh ri wkh lqyhvwphqwv -U7gt dqg 7 8 . ryhu wkh zkroh vdpsoh shulrg1 Frqvlvwhqw zlwk pdq| rwkhu frqwulewlrqv lq wkh olwhudwuh +vhh/ h1j1/ Vlhjho dqg Wkdohu/ 4<<:,/ zh qg wkdw ryhu ru vdpsoh shulrg/ zklfk fryhuv pruh wkdq d fhqwu|/ vwrfnv rwshuiruphg Wuhdvu| eloov e| d yhu| zlgh pdujlq1 Lqghhg/ wkh vdph groodu lqyhvwhg lq 4;:4 lq wkh vwrfn pdunhw zrog kdyh ehhq zruwk pruh wkdq 433/333 grooduv/ djdlqvw rqo| voljkwo| pruh wkdq 583 grooduv li lqyhvwhg lq Wuhdvu| eloov +Fkduw 4,1 Lw lv lqwhuhvwlqj wr revhuyh wkdw wkh glhuhqfh lq shuirupdqfh lv sduwlfoduo| vwulnlqj lq wkh srvwzdu shulrg/ dqg pfk pruh frqwdlqhg ehiruhkdqg +Fkduw 5,1 Krzhyhu/ lw lv kljko| grewio wkdw wkhuh lv dq| lqyhvwru kdylqj vfk d orqj lqyhvwphqw krul}rq1 Wkhuhiruh/ zh orrn dw vkruwhu/ pruh uhdolvwlf wlph krul}rqv/ lq sduwlfodu ehwzhhq rqh |hdu dqg whq |hduv1 Wkh sshu sdqho ri Fkduw 6 uhsruwv wkh rqh0|hdu h{fhvv uhwuq rq wkh Vwdqgdug dqg Srru frpsrvlwh frpsduhg zlwk wkh rqh0|hdu Wuhdvu| eloo/ dqg iru d frpsdulvrq wkh orzhu sdqho ri wkh fkduw uhsruwv wkh whq0|hdu h{fhvv uhwuq1 Lw vwdqgv rw lq wkhvh fkduwv wkdw h{fhvv uhwuqv riwhq wuq rw wr eh qhjdwlyh dw wkh rqh0|hdu krul}rq/ ew kdugo| vr dw wkh whq0|hdu krul}rq +lq wkh srvwzdu shulrg/ whq0|hdu h{fhvv uhwuqv kdyh ehhq qhjdwlyh rqo| lq wkh vhyhqwlhv,1 Qrqhwkhohvv/ dw erwk wkh rqh0|hdu dqg whq0|hdu krul}rqv htlw| h{fhvv uhwuqv duh yhu| yrodwloh/ udqjlqj ehwzhhq orvvhv ri durqg 73( iru erwk krul}rqv dqg jdlqv ri pruh wkdq 73( iru wkh rqh0|hdu dqg doprvw 833( iru wkh whq0|hdu krul}rq1 Vr/ douhdg| d uvw orrn dw wklv hylghqfh vjjhvwv wkdw li wkh uhohydqw krul}rq lv vkruw/ orvv dyhuvlrq dqg glvdssrlqwphqw dyhuvlrq duh erwk sodvleoh h{sodqdwlrqv ri wkh klvwrulfdo htlw| suhplp1 Lq idfw/ h{fhvv uhwuqv rq vwrfnv dw d vkruw krul}rq lpso| erwk wkh srvvlelolw| ri orvvhv +uhohydqw iru OD, dqg odujh yrodwlolw| durqg wkh phdq +uhohydqw iru GD,1 E| frqwudvw/ dw orqjhu krul}rqv vfk dv whq |hduv h{fhvv uhwuqv uhpdlq yhu| yrodwloh/ ew wkh suredelolw| dqg vl}h ri wkh orvvhv ghfolqhv gudpdwlfdoo|1 Wklv lv uh hfwhg lq wkh nh| vwdwlvwlfv iru wkh uhwuqv dw rqh0|hdu dqg whq0|hdu krul}rqv uhsruwhg lq Wdeoh L1 Dw wkh vkruw krul}rq dqg ryhu wkh ioo vdpsoh shulrg iurp 4;;4 rqzdugv/ h{fhvv uhwuqv rq htlw| kdyh d phdq ri 919( dqg d vwdqgdug ghyldwlrq ri 4<18(/ zklfk lpsolhv wkdw srvlwlyh uhwuqv duh 515: wlphv juhdwhu wkdq qhjdwlyh uhwuqv rq dyhudjh1
: Dw wkh orqj krul}rq/ h{fhvv uhwuqv rq htlw| duh srvlwlyh e| 44818( rq dyhudjh dqg kdyh d kljk vwdqgdug ghyldwlrq/ 46513(/ ew wkh srvlwlyh h{fhvv uhwuqv duh dv pfk dv 5719: wlphv juhdwhu rq dyhudjh wkdq qhjdwlyh h{fhvv uhwuqv1
Lq wkh hpslulfdo dqdo|vlv/ zh frqvlghu whq lqyhvwphqw krul}rqv/ iurp rqh wr whq |hduv1 H{ srvw h{fhvv uhwuqv dw wlph | n duh frpswhg dv iroorzv=
iru ' c c f |hduv1 Iru hdfk c zh wkhq frpswh @ u dqg @ ( dv lpsolhg e| htdwlrqv +4:, dqg +4<,1
Uhvowv
Vwduwlqj zlwk orvv dyhuvlrq/ zh uq wkh dqdo|vlv rq wkh ioo vdpsoh shulrg 4;;405334 uvw/ dqg wkhq rq wkh uhvwulfwhg vdpsoh shulrg 4<5905334/ zklfk sduwo| ryhuodsv wkdw vhg e| EW1 Wkh sshu sdqho ri Fkduw 7 uhsruwv wkh frpelqdwlrqv ri wkh hvwlpdwhg ghjuhh ri orvv dyhuvlrq/ @ u c dqg wkh wlph krul}rq zklfk vdwlvi| htdwlrq +4:,1
Rqh uvw vwulnlqj uhvow ri wklv dqdo|vlv lv wkdw/ ghvslwh wkh vh ri d glhuhqw phwkrgrorj| dqg vdpsoh shulrg frpsduhg zlwk EW/ wkh frpel0 qdwlrq i@ u c j lghqwlhg lq EW lv eurdgo| vssruwhg1 Lq idfw/ li ' / @ u lv yhu| forvh wr 22D irqg e| EW1 Lq wklv uhvshfw/ ru dqdo|vlv lv lq nhhslqj zlwk wkh uhvowv ri EW/ hyhq li zh rqo| orrn dw d glhuhqw : Wkhvh duh ydohv forvh wr wkrvh dqdo|vhg lq Phkud dqg Suhvfrww +4<;8, dqg ve0 vhthqw vwglhv1 vdpsoh shulrg dqg lqfogh wkh grw1frp errp0evw lq wkh vhfrqg sduw ri wkh qlqhwlhv dqg hduo| 5333v/ zklfk pljkw kdyh vljqlfdqwo| dhfwhg wkh uhvowv1
Wkh qryho hohphqw ri ru dqdo|vlv/ zklfk frog kdyh ehhq hdvlo| dq0 wlflsdwhg e| mvw orrnlqj dw wkh h{fhvv uhwuqv dw wkh glhuhqw krul}rqv lq wkh suhylrv vhfwlrq/ lv zkdw kdsshqv zlwk orqjhu wlph krul}rqv1 Wkh sshu sdqho ri Fkduw 7 vkrzv wkdw wkh hvwlpdwhg @ u lqfuhdvhv tlwh gudpdwlfdoo| zlwk / dqg rqo| dw krul}rqv ri ohvv wkdq wkuhh |hduv lv wklv sdudphwhu ri dffhswdeoh vl}h1 Dw wkh orqjhu wlph krul}rq/ whq |hduv/ wkh orvv dyhuvlrq sdudphwhu lv forvh wr 2D/ zklfk vhhpv wr eh d h{djjhudwho| kljk ydoh1 Vfk d odujh ydoh iru @ u zrog lpso|/ iru lqvwdqfh/ wkdw wkh uhsuhvhqwdwlyh djhqw zrog srvvleo| wuq grzq d orwwhu| sd|lqj/ vd|/ 2e grooduv zlwk suredelolw| 2 dqg orvlqj groodu zlwk suredelolw| 2
Wklv lv fohduo| quhdolvwlf dqg dw rggv zlwk wkh h{shulphqwdo hylghqfh vjjhvwlqj wkdw @ u lv d vpdoo qpehu +Ndkqhpdq dqg Wyhuvn|/ 5333,1
Wkh frqfovlrq ri wklv dqdo|vlv grhv qrw fkdqjh li zh orrn dw wkh vdpsoh shulrg vwduwlqj iurp 4<59/ uhsruwhg lq wkh orzhu sduw ri Fkduw 71 Lqghhg/ wkh lqfuhdvh lq wkh hvwlpdwhg orvv dyhuvlrq li wkh wlph krul}rq jhwv orqjhu lv hyhq pruh surqrqfhg/ uh hfwlqj wkh odujhu zhljkw ri wkh srvwzdu shulrg lq wkh vdpsoh zkhq vwrfn pdunhw ghyhorsphqwv kdyh ehhq sduwlfoduo| idyrudeoh1 Wkh frqfovlrq ri wklv dqdo|vlv lv wkdw orvv dyhuvlrq lv d jrrg h{sodqdwlrq ri wkh htlw| suhplp s}}oh rqo| li wkh uhsuhvhqwdwlyh djhqw*v wlph krul}rq lv yhu| vkruw djhqwv pvw kdyh d kljk ghjuhh ri p|rsld/ vr wr vshdn1
Lq Fkduw 8/ zh uhshdw wkh vdph dqdo|vlv rq glvdssrlqwphqw dyhuvlrq/ pdnlqj vh ri htdwlrq +4<,1 Lq wkh sshu sduw ri wkh fkduw/ zh uhihu wr wkh ioo vdpsoh shulrg/ zkloh uhvowv iru wkh uhvwulfwhg vdpsoh shulrg vwduwlqj iurp 4<59 duh lq wkh orzhu sdqho1 Lw fdq eh revhuyhg wkdw wkh ghjuhh ri glvdssrlqwphqw dyhuvlrq/ @ ( / ulvhv rqo| yhu| plogo| zlwk wkh wlph krul}rq1 Lq wkh ioo vdpsoh shulrg/ lw lv forvh wr 4 dw vkruw krul}rqv/ dqg ulvhv wr forvh wr 5 dw wkh orqjhu krul}rqv1 Lq wkh vkruwhu vdpsoh shulrg/ lw lv djdlq forvh wr 4 dw yhu| vkruw krul}rqv/ dqg ulvhv wr vrphzkdw deryh 5 dw orqjhu krul}rqv djdlq/ uh hfwlqj d juhdwhu zhljkw ri wkh jrrg vwrfn pdunhw shuirupdqfh lq wkh srvwzdu shulrg1 Wkhvh ydohv iru glvdssrlqwphqw dyhuvlrq vhhp yhu| uhdvrqdeoh dqg lq nhhslqj zlwk wkh h{shulphqwdo hylghqfh rq orvv dyhuvlrq1 Vr/ wklv dqdo|vlv vjjhvwv wkdw dq h{sodqdwlrq ri wkh klvwrulfdo htlw| suhplp edvhg rq glvdssrlqwphqw dyhuvlrq lv ydolg qr pdwwhu wkh ohqjwk ri wkh lqyhvwphqw krul}rq +zlwklq uhdvrqdeoh olplwv,1 Lq sduwlfodu/ dq h{sodqdwlrq elow rq glvdssrlqwphqw dyhuvlrq grhv qrw qhfhvvdulo| klqjh rq wkh dvvpswlrq wkdw djhqwv duh kljko| p|rslf1 Vwrfnv pd| orvh frpsduhg zlwk Wuhdvu| eloov +ru vlploduo| vdih dvvhwv, rqo| dw vkruw krul}rqv/ ew pd| glvdssrlqw dw erwk vkruw dqg orqj wlph krul}rqv1
Rqh fdyhdw vuurqglqj wkhvh uhvowv lv wkh vl}h ri ru vdpsoh shulrg frpsduhg zlwk wkh orqjhvw wlph krul}rq zh orrn dw1 Lq idfw/ wkh dv0 vpswlrq wkdw 
zkhuh q lv d uhdo vfdodu dqg # | lv d zklwh qrlvh glvwuedqfh whup1 Wkh frh!flhqw q lv wkh dyhudjh dqqdo suhplp rq htlw|/ zkloh wkh yduldqfh ri wkh vkrfn # lqglfdwhv wkh ghjuhh ri qfhuwdlqw| vuurqglqj rqh0|hdu h{fhvv uhwuqv rq htlw|1 Wkh susrvh ri hvwlpdwlqj wkh prgho lq +54, lv wr lghqwli| d yhu| vlpsoh vwrfkdvwlf surfhvv gulylqj h{fhvv uhwuqv rq htlw|/ lq rughu wr qg rw zkdw frqjudwlrq ri wkh sdudphwhuv ri wkh uhsuhvhqwdwlyh djhqw*v ydoh iqfwlrq +qdpho| @ dqg , pdnhv wkh djhqw lqglhuhqw ehwzhhq lqyhvwlqj lq d k|srwkhwlfdo dvvhw zlwk dqqdo h{fhvv uhwuqv jlyhq e| +54, dqg kroglqj qdqfldo zhdowk lq vdih dvvhwv1 Wkh vlpsolflw| ri wkh prgho pdnhv lw sodvleoh wkdw lw pd| kdyh ehhq shufhlyhg dv wkh dssur{lpdwh prgho gulylqj dqqdo h{fhvv uhwuqv e| d uhodwlyho| qvrsklvwlfdwhg uhsuhvhqwdwlyh lqyhvwru1
Wkh hvwlpdwh iru wkh vlpsoh prgho lq +54, ryhu wkh zkroh vdpsoh shulrg 4;:405334 lv uhsruwhg lq Wdeoh LL1 Lw lv irqg/ lq sduwlfodu/ wkdw q ' SeI dqg j 2 # ' beI Wkh gldjqrvwlf vwdwlvwlfv iru wkh prgho duh jrrg dqg whqg wr lqglfdwh wkdw wkh prgho lv zhoo vshflhg dqg vwdeoh/ ghvslwh lwv vlpsolflw|1 Iru lqvwdqfh/ uhfuvlyh uhvlgdov dqg wkh uhfuvlyh hvwlpdwh ri q +vhh wkh fkduwv uhsruwhg iru loovwudwlyh susrvhv qghu0 qhdwk Wdeoh LL, gr qrw vljqdo dq| vljqlfdqw lqvwdelolw| lq wkh prgho ryhu wkh frqvlghuhg vdpsoh shulrg1 Lqwhuhvwlqjo|/ wkhuh lv qr vljq ri vhu0 ldo fruuhodwlrq lq wkh uhvlgdov +iru h{dpsoh dv phdvuhg zlwk wkh T0whvw,1 Ryhudoo/ wkhvh uhvowv lqglfdwh wkdw zh fdqqrw uhmhfw wkh k|srwkhvlv wkdw h{fhvv uhwuqv rq htlw| duh frqvwdqw dqg l1l1g1 lq ru vdpsoh shulrg1
Zlwk wklv vlpsoh prgho dw kdqg/ zh vlpodwh 43/333 dqqdo revhu0 ydwlrqv ri % |n c dqg frpswh h{fhvv uhwuqv dw ydulrv krul}rqv/ l1h iru ' c c f/ e| fpodwlqj rqh0|hdu h{fhvv uhwuqv1 Vevhthqwo|/ zh hvwlpdwh htdwlrqv +4:, dqg +4<, rq wkh vlpodwhg gdwd1 Wkh uhvowv ri wklv dqdo|vlv +qrw uhsruwhg khuh iru euhylw|, frqup wkrvh edvhg rq wkh klvwrulfdo gdwd dqg ohdg wr wkh vdph frqfovlrqv dv uhjdugv wkh uhodwlrq0 vkls ehwzhhq orvv dqg glvdssrlqwphqw dyhuvlrq dqg wkh lqyhvwphqw wlph krul}rq1 Vpplqj s/ wkh uhvowv ri wkh hpslulfdo dqdo|vlv lq wklv vwg| +l, frqup wkdw orvv dyhuvlrq dqg p|rslf ehkdylru/ li frpelqhg/ uhsuhvhqw d jrrg h{sodqdwlrq ri wkh klvwrulfdo htlw| suhplp/ dv dujhg e| EW/ ew dovr wkdw +ll, glvdssrlqwphqw dyhuvlrq/ dw erwk vkruw dqg orqj krul}rqv/ lv dovr d ydolg h{sodqdwlrq ri wkh htlw| suhplp/ dv vjjhvwhg e| DEO1 Lq wkh qh{w vhfwlrq zh surylgh vrph vshfodwlrqv rq zklfk rqh ri wkh wzr h{sodqdwlrqv ri wkh htlw| suhplp frqvlghuhg lq wklv sdshu lv pruh sodvleoh dqg lqwhuhvwlqj1
Glvfvvlrq
Erwk ehkdylrudo qdqfh h{sodqdwlrqv sw iruzdug wr vroyh wkh htlw| suhplp s}}oh lqyroyh vrph ghsduwuh iurp udwlrqdolw|/ dw ohdvw dv gh0 qhg lq wkh h{shfwhg wlolw| vhqvh1 Xqghu p|rslf orvv dyhuvlrq/ djhqwv duh luudwlrqdoo| vkruw0vljkwhg dqg irujr vshulru uhwuqv iru ehlqj wrr dq{lrv derw vkruw0whup rwfrphv/ dv srlqwhg rw e| EW1 Krzhyhu/ wkh| duh udwlrqdo lq wkh vhqvh wkdw wkh| wuhdw vdih dqg ulvn| uhwuqv lq wkh vdph zd|/ e| kdylqj wkh vdph uhihuhqfh srlqw iru erwk w|shv ri lqyhvwphqw1 Xqghu glvdssrlqwphqw dyhuvlrq/ wkhuh lv dq hohphqw ri luudwlrqdolw| +djdlq/ ghqhg lq whupv ri ghsduwuh iurp vwdqgdug suhi0 huhqfhv, zklfk lv uhodwhg wr wkh idfw wkdw djhqwv* suhihuhqfhv ghshqg rq/ dqg ydu| zlwk/ wkh orwwhu| wkh| duh frqiurqwhg zlwk1 Vr/ wkhuh fdq eh d orwwhu| D glvsod|lqj zhdn vwrfkdvwlf grplqdqfh ylv0d0ylv d orwwhu| E/ ew djhqwv pljkw vwloo suhihu orwwhu| E li wklv lv ohvv olnho| wr glvdssrlqw wkhlu h{shfwdwlrqv1 Wkhuhiruh/ djhqwv pd| eh pruh glvdssrlqwhg e| vwrfnv hyhq li wkh| duh ehwwhu wkdq erqgv lq devrowh whupv lq hyhu| vwdwh ri qdwuh1
Wkh nh| thvwlrq khuh lv zkdw irup ri ghsduwuh iurp vwdqgdug suhi0 huhqfhv lv pruh sodvleoh wr ghvfuleh qdqfldo lqyhvwphqw ehkdylru dqg wkhuhe| wr eh d jrrg h{sodqdwlrq ri wkh klvwrulfdo htlw| suhplp1 EW iruzdug vrph vwurqj dujphqwv lq idyru ri p|rsld lq qdqfldo pdunhwv/ prvwo| uhodwhg wr lqvwlwwlrqdo ihdwuhv ri wkh qdqfldo pdunhw dqg lq sduwlfodu wr djhqf| frvwv1 Zkloh krvhkrogv vkrog fduh derw orqj0whup rwfrphv/ wkhuh lv vdoo| d sulqflsdo0djhqw uhodwlrqvkls eh0 wzhhq wkhlu prqh| dqg lqyhvwphqw ghflvlrqv/ dqg wklv uhodwlrqvkls pljkw zrun lq idyru ri vkruw0vljkwqhvv1 Qrwlqj wkdw ghohjdwhg sruwirolr pdq0 djhphqw dqg lqvwlwwlrqdo lqyhvwphqw duh qrz odujho| suhydohqw lq qdq0 fldo pdunhwv/ wkh dujphqwv sursrvhg e| EW duh sulpd idflh frqylqflqj1 Lw vkrog eh hpskdvlvhg/ krzhyhu/ wkdw wkh vdph wuhqg wrzdugv lqvwl0 wwlrqdo wudglqj dqg ghohjdwhg sruwirolr pdqdjhphqw pljkw dovr qghu0 slq d glvdssrlqwphqw dyhuvlrq vshflfdwlrq ri suhihqfhv1 Lq d sulqflsdo0 djhqw uhodwlrqvkls/ wkh djhqw lv riwhq dvvhvvhg lq whupv ri shuirupdqfh djdlqvw d fhuwdlq ehqfkpdun/ gh wr lqirupdwlrq dv|pphwulhv +Eud| dqg Jrrgkduw/ 5335,1 Wkh djhqw sursrvlqj dq lqyhvwphqw lq vwrfnv wr wkh sulqflsdo lv olnho| wr vhw d kljkhu ehqfkpdun iru uhwuqv frpsduhg zlwk d vdih lqyhvwphqw vwudwhj| edvhg rq {hg lqfrph vhfulwlhv1 Iurp wkh shuvshfwlyh ri wkh djhqw +zkr dfwdoo| ghflghv dqg lpsohphqwv wkh lq0 yhvwphqw vwudwhj|, dq rwfrph zklfk idoov vkruw ri wkh h{shfwdwlrq lv olnho| wr ohdg wr glvdssrlqwphqw e| wkh sulqflsdo dqg wr d uhswdwlrq orvv iru klpvhoi1 Frqyhuvho|/ dq rwfrph h{fhhglqj h{shfwdwlrqv pljkw ohdg wr hodwlrq e| wkh sulqflsdo dqg wr d uhswdwlrq jdlq iru wkh djhqw1 Wklv phfkdqlvp/ zklfk vhhpv lqwlwlyho| uhdvrqdeoh dqg uhdolvwlf/ zrog vjjhvw wkdw glvdssrlqwphqw dyhuvlrq lv d jrrg fkdudfwhulvdwlrq ri suhi0 huhqfhv lq qdqfldo pdunhwv/ dw ohdvw dssur{lpdwho|1
Lq dgglwlrq/ wkh qglqj wkdw glvdssrlqwphqw dyhuvlrq zrunv zhoo wr h{sodlq wkh htlw| suhplp dw dq krul}rq ri dssur{lpdwho| whq |hduv vhhpv wr eh tlwh lqwhuhvwlqj1 Dujdeo|/ wkh vlqjoh prvw lpsruwdqw uhd0 vrq wr lqyhvw lq wkh XV qdqfldo pdunhwv lv vdylqj iru uhwluhphqw1 Li wklv lv wuh/ wkh prvw uhohydqw dqg udwlrqdo lqyhvwphqw krul}rq iru hdfk lq0 yhvwru vkrog eh wkh wlph vsdq ehiruh uhwluphqw/ dv wklv zrog pd{lpl}h wkh djhqw*v wlolw| lq whupv ri olylqj vwdqgdugv diwhu uhwluhphqw1
; Qrwlqj wkdw shdn vdylqj |hduv rffu lq plg dqg odwh fduhhu/ whq |hduv ru vr gr qrw vhhp quhdvrqdeoh dv d wlph vsdq ehiruh uhwluhphqw iru wkh phgldq lqyhvwru lq wkh qdqfldo pdunhw +zkhuh wkh phgldq lv fdofodwhg wdnlqj lqwr dffrqw hdfk djhqw*v vwrfn ri zhdowk,1 Doo lq doo/ zh dujh wkdw glvdssrlqwphqw dyhuvlrq lv d yhu| lqwhuhvwlqj ehkdylrudo fdqglgdwh iru wkh h{sodqdwlrq ri wkh htlw| suhplp s}0 }oh/ zklfk ehfrphv sduwlfoduo| uhohydqw dw orqj wlph krul}rqv1 Lw vkrog eh vwuhvvhg wkdw p|rslf orvv dyhuvlrq dqg glvdssrlqwphqw dyhuvlrq pljkw zhoo eh frqvlghuhg lq frqmfwlrq iru wkh ryhudoo h{sodqdwlrq ri wkh klvwru0 lfdo htlw| suhplp1 P|rslf orvv dyhuvlrq zrog lpso| wkdw vwrfnv fdq eh tlwh sdlqio lq wkh vkruw whup ew duh d yhu| jrrg fkrlfh +wrr jrrg wr eh wuh, li wkh lqyhvwphqw krul}rq lv orqj1 Glvdssrlqwphqw dyhuvlrq zrog zrun wr uhgfh wkh qhw ehqhw ri lqyhvwlqj lq vwrfnv li vhhq iurp wkh shuvshfwlyh ri orqj0krul}rq uhwuqv1 Dv srlqwhg rw e| EW/ djhqwv pd| dfwdoo| kdyh pdq| uhohydqw lqyhvwphqw krul}rqv/ zklfk pdnhv d powl0idfhwhg h{sodwlrq ri wkh htlw| suhplp tlwh uhdvrqdeoh1 Ryhudoo/ zh vuplvh wkdw erwk orvv dqg glvdssrlqwphqw dyhuvlrq pljkw frqwulewh ; Wklv fdq eh udwlrqdolvhg lq dq ryhuodsslqj jhqhudwlrqv hfrqrp|/ zkhuh pdmru lqyhvwruv lq wkh pdunhw duh plggoh0djhg krvhkrogv +Frqvwdqwlqlghv/ 5335,1 wr udlvh wkh htlw| suhplp wr wkh kljk ohyhov revhuyhg klvwrulfdoo| lq wkh Xqlwhg Vwdwhv +dqg rwkhu lqgvwuldol}hg hfrqrplhv,1
Frqfovlrqv
Wklv sdshu wdnhv d forvh orrn dw wkh ehkdylrudo qdqfh h{sodqdwlrqv ri wkh htlw| suhplp s}}oh/ qdpho| p|rslf orvv dyhuvlrq +Ehqduw}l dqg Wkdohu/ 4<<8, dqg glvdssrlqwphqw dyhuvlrq +Dqj/ Ehndhuw dqg Ol/ 5333,1 Eloglqj rq wkhvh lghdv/ wklv sdshu sursrvhv d vlpsoh vshflfd0 wlrq ri suhihuhqfhv/ zklfk lv deoh wr fdswuh wkh pdlq lghd ehklqg orvv dqg glvdssrlqwphqw dyhuvlrq dqg kljkoljkw wkh glhuhqfhv ehwzhhq wkh wzr dssurdfkhv/ wkh prvw lpsruwdqw ehlqj wkh zd| wkh uhihuhqfh srlqw lv ghwhuplqhg1 Pruhryhu/ wklv sdshu eulqjv wkhvh wkhrulhv wr wkh gdwd zlwk d vshfldo irfv rq wkh uhodwlrqvkls ehwzhhq wkh ghjuhh ri orvv dqg glvdssrlqwphqw dyhuvlrq dqg wkh lqyhvwphqw wlph krul}rq1
Wkh pdlq frqfovlrq ri wkh sdshu lv wkdw d kljko| vkruw0vljkwhg lq0 yhvwphqw krul}rq lv uhtluhg iru wkh klvwrulfdo htlw| suhplp wr eh h{sodlqhg e| orvv dyhuvlrq/ zkloh uhdvrqdeoh ydohv iru glvdssrlqwphqw dyhuvlrq duh irqg dovr iru orqj lqyhvwphqw krul}rqv1 Vr/ vwrfnv pd| orvh rqo| lq wkh vkruw whup/ ew pd| glvdssrlqw dovr lq wkh orqj whup1
Zklfk ri wkh wzr ehkdylrudo h{sodqdwlrqv ri wkh htlw| suhplp kdv wr eh suhihuuhgB Ehqduw}l dqg Wkdohu +4<<8, sw iruzdug wkh lghd wkdw lqvwlwwlrqdo idfwruv dqg sulqflsdo0djhqw uhodwlrqvklsv pljkw ohdg wr p|rslf orvv dyhuvlrq/ ew wkhuh duh dovr dujphqwv lq idyru ri glvds0 srlqwphqw dyhuvlrq edvhg rq vlplodu jurqgv/ dv dujhg lq wklv sdshu1 Rqh lqwuljlqj srvvlelolw| lv wkdw wkh wzr dssurdfkhv duh qrw dowhuqdwlyh/ dqg wkdw d kljk htlw| suhplp fdq eh h{sodlqhg e| erwk p|rslf orvv dyhuvlrq dw vkruw krul}rqv dqg glvdssrlqwphqw dyhuvlrq dw orqjhu krul0 }rqv1 Wklv zrog lpso| wkdw wkh uhihuhqfh srlqw hyroyhv dffruglqj wr wkh wlph krul}rq1 Wklv lv dq lqwhuhvwlqj srvvlelolw| zklfk zh ohdyh wr iuwkhu uhvhdufk1
Ilqdoo|/ h{whqglqj wklv dqdo|vlv wr gdwd iurp rwkhu frqwulhv dqg shulrgv zrog eh dq lqwhuhvwlqj wrslf iru iwuh uhvhdufk1 Gh wr wkh revhuyhg krph eldv lq htlw| lqyhvwphqw/ lw lv srvvleoh wkdw sduwlfl0 sdqwv lq lqglylgdo vwrfn pdunhwv glvsod| frqwu|0vshflf fowudo dqg sv|fkrorjlfdo wudlwv/ zklfk pljkw ohdg wr glhuhqw ghjuhhv ri orvv dqg glvdssrlqwphqw dyhuvlrq dv zhoo dv wlph krul}rqv iru lqyhvwphqw1 
